Experimental hemiparkinsonism in the rat following chronic unilateral infusion of MPP+ into the nigrostriatal dopamine pathway--III. Reversal by embryonic nigral dopamine grafts.
In a previous study conducted over six months, we demonstrated that 1-methyl-4-phenylpyridinium ion (MPP+) the active metabolite of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, chronically infused (10 micrograms/24 h for seven days) into one median forebrain bundle of the rat can cause long-lasting damage to the nigrostriatal dopamine system. The present study was carried out in animals 18-19 months after MPP+ infusion to determine firstly, if the lesion was indeed permanent and secondly, if embryonic nigral dopamine suspension grafts implanted into the dopamine-denervated neostriatum can reverse the neurochemical and behavioural deficits induced by MPP+. All the animals within the MPP(+)-lesioned group showed robust contralateral and ipsilateral turning in response to apomorphine (0.05 mg/kg) and methamphetamine (2.5 mg/kg), respectively, at each time point of testing. In the grafted animals there was a progressive significant reduction in the number of rotations in response to both apomorphine and methamphetamine over the three-month test period. Autoradiographic analysis of [125I]sulpiride binding to striatal sections showed a 27% increase in dopamine D2 receptor density in the ipsilateral striatum of MPP(+)-lesioned animals. This increase in D2 receptor density was completely abolished by the dopamine grafts so that the D2 receptor density in the grafted striatum was similar to the contralateral striatum of MPP(+)-lesioned animals. This increase in D2 receptor density was completely abolished by the dopamine grafts so that the D2 receptor density in the grafted striatum was similar to the contralateral striatum of the grafted animals or the ipsilateral striatum of control non-lesioned animals. In all the animals of the lesioned and grafted groups there was a complete loss of dopamine neurons in the ipsilateral substantia nigra as demonstrated by tyrosine hydroxylase-immunohistochemistry and in-situ hybridization histochemistry. In all the animals that received nigral dopamine grafts, numerous cells were localized within the grafts which contained tyrosine hydroxylase immunoreactivity and tyrosine hydroxylase mRNA. Moreover, immunohistochemical staining showed a dense network of tyrosine hydroxylase-positive fibres within the grafted striatum. The results of the present study are important in two respects. Firstly, they demonstrate that MPP+ infusions into the rat nigrostriatal dopamine pathway can produce a permanent degeneration of nigral dopamine neurons. Thus, in animals assessed 18-19 months after the initial MPP(+)-lesion there was no significant behavioural or neurochemical compensation with time. Secondly, the results clearly show that embryonic nigral dopamine grafts implanted into the dopamine-denervated striatum can reverse the behavioural and neurochemical deficits induced by MPP+.